Total fertilisation of cropland was defined as the total N input as synthetic fertilisers, symbiotic N fixation, manure application and atmospheric deposition onto cropland, excluding permanent grassland. The reason for focusing our analysis on cropland is that the fate of the agricultural surplus (excess N input over N export by plant harvest) strongly differs between cropland and permanent grassland, particularly with respect to the relative proportions of NH 3 volatilisation, denitrification, leaching and storage in the soil organic pool (Velthof et al. 2009; Billen et al. 2013) . Note that temporary grassland (e.g. the FAOstat crop category "Grasses Nes for forage; Sil"), included within crop rotations, is considered as cropland. We provide here the details of the procedures and hypothesis made for estimating the N inputs to cropland.
Total fertilisation of cropland was defined as the total N input as synthetic fertilisers, symbiotic N fixation, manure application and atmospheric deposition onto cropland, excluding permanent grassland. The reason for focusing our analysis on cropland is that the fate of the agricultural surplus (excess N input over N export by plant harvest) strongly differs between cropland and permanent grassland, particularly with respect to the relative proportions of NH 3 volatilisation, denitrification, leaching and storage in the soil organic pool (Velthof et al. 2009; Billen et al. 2013) . Note that temporary grassland (e.g. the FAOstat crop category "Grasses Nes for forage; Sil"), included within crop rotations, is considered as cropland. We provide here the details of the procedures and hypothesis made for estimating the N inputs to cropland.
Total annual crop production by each country was calculated taking into account the yearly harvested yield of 178 primary crops and their N content, as reported in Lassaletta et al. (2014) .
Green fodder crops have been also considered with the exception of "pumpkins for fodder crops". Indeed, having analysed the evolution of the green fodder crops available in the "Primary crops" FAO list, we have observed some inconsistencies regarding the data for "Pumpkins for fodder".
Taking into account the poor information available regarding the fate of the crop residues which can be diverse (feed, fuel, incorporation, burning) and can vary very much according to period and country (Bouwman et al. 2011 ), we have not included crop residues in the N budget, neither as an output nor as an input. The cropland surface was estimated by summing up the surfaces of all individual crops. Only in the cases where this sum was higher than the stated value of the "arable land and permanent crops" surface area provided by the FAOstat resources module, the latest surface area was retained. This procedure allowed avoiding an overestimation of the real total cropland surface in those cases in which the double or triple counting of surface associated to crops that are cultivated in the same area during the same year have produced a total cropland surface higher than the physical surface. This correction has been done for about 20% of the cases.
Application of synthetic fertilizers to cropland
Yearly data on synthetic N fertiliser application, under different N forms, for the entire period were obtained from the Resources module of the FAOstat database. Countries with more than 15 missing annual data entries were removed from the analysis. Occasional gaps were filled with data from the International Fertilizer Industry Association (http://www.fertilizer.org/) if available and if not, by using figures of the closest years. FAO data on annual per country synthetic fertiliser use refers to total use in agriculture. This information however is provided for the whole agricultural sector, without separating permanent pasture from agricultural area. We therefore had to subtract from these figures the proportion used for grassland fertilisation, which in some European countries such as Ireland and the Netherlands accounts for a significant proportion. This required information on synthetic N fertilization of permanent grassland and pasture in the world since the middle of the 20 th century. The information on per crop fertilizer consumption was previously established jointly by IFA and FAO, based on national reports (FAO 2006) . The first available of these joint reports dates back to 1992 (Anonymous 1992) providing figures for 1990. The last joint report was published in 2002, and provides figures for 1995-1999 according to countries. Data for grassland are not provided for all countries; when, in that case, the total fertilizer use by crops equals the FAO total fertilizer estimation for the same year, we can consider that fertilizer use for grassland is negligible. IFA (International Fertilizer Association) provides estimates of fertilizer use per crop for most countries in the world in (Heffer 2012 . In this report, grasslands are aggregated within the category 'other crops', also containing root & tuber, pulse, nut, rubber, coffee, tea, tobacco, ornamental, turf and forestry. According to the author, the information is missing to provide figures for grassland only. These figures thus only provide a maximum estimate of the share of grassland in total fertilizer use by country. For Europe, EFMA (European Fertilizer Manufacturer Association) estimates fertilizer consumption by crop for all EU 27 countries (+Norway and Switzerland) for 2005/2006. In France, Agreste has carried out two 'enquêtes prairies ', in 1982 and 1998 providing detailed data on agricultural practices of grassland management at the national and regional scale. Older data can be obtained from Richard (1951) who offered a prospective (at that time) estimate of the fertilizer use by crop in France at the end of 1950's. For UK, detailed data on fertilizer use by crop are provided by the DEFRA agricultural statistics over the 1982-2011 period.
The following generalizations by world regions were stated by FAO for 2002 (Table SI-1). Outside Europe, the share of permanent grassland in the total fertilisation always seems to remain below 20%. For the USA, the place outside Europe where it is currently the most significant (together with Japan and Chile), Power and Alessi (1971) claimed in the beginning of the 1970ies that the use of fertilizers on semiarid grasslands is a relatively new practice. Fig. S1 -1 shows the reconstruction we made of the fraction of total synthetic fertiliser applied to permanent grassland for the few countries were it is significant outside Europe. For Europe, more detailed data is available. The data for France allows to finely tracing the chronology of grassland fertilisation ( Fig. S1 -2). The share of grassland fertilisation in France was relatively small at the end of the 1950's (7%), and increased to reach a maximum of 27% in the 1990's, before slightly decreasing in the recent years. In the UK (England, Wales and Scotland), the percentage of fertiliser use on grass, which was over 50% in the beginning of the 1990's, has now decreased to about 30%. Countries like Ireland and the Netherlands have a long tradition of fertilising grassland with mineral N; the share of grassland in fertiliser consumption was likely already at a high level (>65%) in the 1960's, although a recent decrease is observed in the Netherlands. The practice of grassland mineral fertilisation has always been and is still marginal in Mediterranean countries (Italy, Spain, Portugal and Greece). All data collected from the above mentioned sources were used to provide the best estimate of the proportion of synthetic fertilizers applied to grassland by country and year from 1961 to 2009, as indicated in the annexed file (Suppl.1(Annex).csv).
Symbiotic nitrogen fixation
To estimate the crop biological nitrogen fixation by fixing crops included in the FAOstat database and its evolution during the past 50 years, we used a yield-based approach assuming that crop yield is the factor that best aggregates variables associated with crop, soil and climatic conditions including available N, soil moisture, vigor of stand, and other management factors influencing N 2 fixation:
where % Ndfa is the percentage of N uptake derived from N fixation, Y is the harvested yield (expressed in kgN/ha/yr), NHI is the N harvest index, defined as the ratio of the harvested material to the total above-ground production, and BGN is a multiplicative factor taking into account the contribution to total N 2 fixation of below-ground fixation associated with roots and nodules production as well as to rhizodeposition via exudates and decaying root cells and hyphae. For sugar cane, rice, paddy and forage products, we applied a constant rate of biological fixation per hectare, as suggested by Herridge et al. (2008) . Arunachalam and Radhakrishna (1992) , McDonagh et al. (1993) , Toomsan et al. (1995) , Ambate et al. (2004) , Sakonnakhon et al. (2005) .
The % Ndfa values for crop legumes (Table S1 -2) were mainly sourced from Anglade et al. (under review) who recently reviewed the literature on biological nitrogen fixation in experimental field and farm conditions. Based on a statistical meta-analysis they proposed to group legumes between pulse crops, with Ndfa of 68 % and forage (alfalfa, clovers), with Ndfa of 78 %. Among pulse crops, faba bean has the highest capacity for N 2 fixation, and is in a group by itself, with an average Ndfa of 75%.
Additional information on common beans, which were cultivated in 2009 in more than 25 Mha, was sourced from Herridge et al. (2008) , who reported that it has the lowest capacity, with an average Ndfa of 40 %. Those groupings are consistent with those described in Herridge et al. (2008) , but we use Ndfa values slightly higher.
For most crops, we used global mean values, as no clear regional differences were apparent. Only in the case of soybean, % Ndfa was differentiated by country as this crop extended in 2009 on 23 % of the agricultural lands dedicated to forage and grain legumes and is responsible for 53 % of total N fixed by cultivated legumes globally (Table S1-3). Herridge et al. (2008) underlined the need to differentiate % Ndfa values for the principal soybean-producing countries because of large variations in soil type, climate and plant-cultural practices among those countries. Nowadays, only four countries contributes to nearly 80 % of soybean areas in the world (US: 31%; Brazil: 22%; Argentina: 17%; China: 9%) (Table S1-4). For the U.S. and Brazil, we adopted the average Ndfa values of respectively 60% and 80%, proposed by Herridge et al. (2008) . The high value reported in Brazil is attributed to the widespread use of rhizobial inoculants coupled with low inputs of fertilizers and no-tillage systems. Like Brazilian farmers, Argentinian soybeans farmers commonly use inoculants and no-tillage systems, so that Herridge use a similar Ndfa value of 60%. Nonetheless, recent regional studies in the Pampas (Di Ciocco et al. 2011; Alvarez et al. 2014) reported much lower values, around 40 % probably associated with the naturally high soil fertility of the region (around 240 kgN/ha/yr), which is accentuated by the fact that 60 % of soybean is cultivated after soybean, 25 % after corn and only 15 % after wheat (Alvarez et al. 2014) . For China, we assumed that N fixation is repressed by fertilizer inputs plus mineral N in the soil from previous crops. Salvagiotti et al. (2008) who did a review on N fixation and its response to fertilizer N in soybeans, reported an average % Ndfa value of 50 % for a fertilization between 10 and 85 kgN/ha/yr. We selected this value which is consistent with Herridge et al. (2008) .
The vast majority of published data on N 2 fixation measures the fraction of nitrogen derived from the atmosphere (% Ndfa) in shoots only. It is now acknowledged that this causes severe underestimation because of the significant contribution of below-ground N fixation (BGN) (Walley et al. 2007; Herridge et al. 2008; Unkovich et al. 2010) .
The values used in this paper (Table S1 -2), were sourced from Anglade et al. (under review) , in which data from a number of field and pot experiments were summarized. For fodder legumes, mainly alfalfa (Medicago sativa) and clovers (Trifolium pratense, Trifolium repens, Trifolium subterranean, Trifolium alexandrinum, Trifolium persan, Ttrifolium incarnatum) , published values for BGN as a percentage of total plant N ranging from 19% to 75%. For pulse crop legumes, BGN contributions ranged from 11 % to 56 % as a percentage of total plant N. Authors showed that the mean BGN values of forage (41% ± 15 (SD)) and grain crops (26 % ± 15 (SD)) were statistically different. We thus used those general values, 1.3 for grain and 1.7 for forage legumes, as a rule of thumb to predict total N 2 fixation, since they probably result in a more accurate estimate of total N 2 fixed than if they were not applied at all. For soybean, which was not studied in Anglade et al. (under review) , we took a factor of 1.4 from Rochester et al. (1998) and Laberge et al. (2008) . 
Animal excretion and manure application on grassland
To estimate the animal excretion factors, we have followed the Sheldrick et al. (2003) methodology that assumes that excretion rate of a given livestock category is proportional to the production rate of slaughtered animal weight. To do so we have calculated the ratio N excretion /slaughter weight per head by using the national excretion factors provided by the United Nations Framework Convention on Climate Change -National inventories The proportion of N excreted that is finally used as manure applied onto cropland was taken from the estimates of Sheldrick et al. (2003) at the regional level and also for each type of animal (Table S1-5) It was considered that 30% of the available manure is lost during management and storage before reaching the crop, as proposed by Oenema et al. (2007) for Europe. This proportion is in the range of that proposed by Liu et al. (2010) at the world scale (28-36%). We finally discount the amount of N that is applied to permanent grasslands by applying the proportions provided by Liu et al. (2010) at regional and, in some cases, at the country scale. 
Atmospheric deposition
Deposition of oxidised and reduced nitrogen compounds onto croplands was calculated from the GlobalNEWS database (Seitzinger et al. 2010 ) by extrapolating linearly between available years. The atmospheric deposition data used in GlobalNEWS are derived for the year 2000 from Dentener et al. (2006) and previous figures were obtained by scaling deposition fields for this year following Bouwman et al. (2009) . We calculated the input of N per ha (yearly national average) and we applied this input per ha into the surface of cropland considered in this study. We have performed a quality control comparing the national inputs estimated by EMEP model (http://www.emep.int/) for 13 European countries for the years 1980, 1990, 2000 and 2009 and our own calculations based on GlobalNEWS obtaining a very satisfactory coherence between both approaches (R 2 = 0.97)
Uncertainties and limitations
The establishment of agricultural budgets at large temporal and spatial scales requires several assumptions and generalizations (Liu et al. 201; de Vries et al. 2011; Bouwman et al. 2011 ). These assumptions generate some unavoidable uncertainties and limitations. We have gathered here those that we consider more important.
The estimation of crop productivity based on fixed global nutrient contents is an important point in any nutrient budget (Swaney and Lassaletta, 2014) . Real N contents can vary locally according to genetic variety and also to management practices and local environmental conditions, but taking these variations into account is unfortunately unaffordable at these time and spatial scales.
Estimation of animal excretion is another source of uncertainty. The result can be very sensitive to the use of fixed excretion factors instead of factors based on productivity. For example the application of the fixed excretion factors proposed by Van der Hoek (1998) for the year 1994 to the year 2009 results in a global estimate of livestock excretion of 120 TgN, while our more detailed approach yields 106 TgN. These differences can be much more important in some countries with very low or very high production when compared with the average excretion factor of a region. For example a cow in Benin in 1973 produced as average only 100 kg of milk/head/y while in South Africa in 2007 the production is 3880 kg/head/y, so that using a regional average per head value can lead to large errors. Despite we have considered that the calculation of excretion rates proportional to production can be finer than a fix regional rate, several other factors can affect the final rate.
The method for estimating symbiotic N fixation can also produce differences in the final result (Hong et al., 2013) . N fixation has frequently been estimated by using area-based N fixation coefficients. A calculation based on production provides much better estimations. Soybean is the most important fixing crop of the world representing 52% of total N crop fixation in 2009. Due to the high variability of the yield of soybeans in the different world regions, an area-based estimation could produce important distortions in the global results. The application of a regional Ndfa instead of a fixed value can also affect the results. For example, the application of the average Ndfa (68%) calculated by Herridge et al. (2008) for soybeans instead of a regional factor produces little changes in the total N fixed by soybeans in 2009 (17.7 and 16 TgN, respectively) . In some countries the differences can be, however, significant. This is the case of Argentina where using a global average factor we estimated 2.4 TgN fixed by soybeans in 2009 whereas we estimated 1.4 TgN when applying a regional factor.
There are other sources of N inputs that have not been considered in this study such as irrigation water, sewage, household compost, processing wastes and crop residues that could affect the final budget and could also produce uncertainties in the detection of N mining situation that we have evidenced in some cases. As a whole, although many of available data in literature were used for this study, further global analysis and more experimental research would be still necessary for reducing uncertainties.
